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AUTOMATIC TRANSMISSION 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application is a National Phase Application (35 USC 371) of 
PCT/JP2003/017068 and claims priority of Japanese Application No. 2002-379261 , 
filed December 27, 2002. 

Technical Field 

[0002] The present invention relates to an automatic transmission for a vehicle, 
and more specifically, it relates to an automatic transmission wherein multiple speeds 
are enabled by input of reduced speed rotation into one of the rotary components of a 
planetary gear unit. 

Background Art 

[0003] One type of conventional automatic transmission incorporated into 
vehicles or the like comprises a first planetary gear unit with two rows of linked 
planetary gearing, and a second planetary gear unit which reduces the rotational speed 
of the input shaft (for example, see Japanese Unexamined Patent Application 
Publication No. 4-125345). The transmission disclosed in this publication provides, for 
example, six forward speeds and one reverse speed by input of reduced speed rotation 
from a second planetary gear unit via a clutch to, for example, one of four rotary 
components of the first planetary gear unit. Further, in the case of fourth speed forward, 
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for example, when the rotation of the input shaft is input into two of the rotary 
components of the first planetary gear unit, this fourth speed forward can be become a 
directly coupled state, with the output at the same rotational speed as the input shaft. 

[0004] The above-described automatic transmission comprises two clutches for 
inputting the rotation of the input shaft into two of the rotary components of the first 
planetary gear unit, and a second planetary gear unit for outputting the reduced rotation 
into the rotary components of the first planetary gear unit. However, if those two 
clutches or the hydraulic servos that control their engagement are positioned between 
the first and second planetary gear units, the element for transmitting the reduced 
speed rotation of the second planetary gear unit to a rotary component of the first 
planetary gear unit must be axially elongated. 

[0005] The elongation of the element that transmits the reduced speed rotation 
means that the unit transmitting that rotation with high torque must also be elongated. 
Further, if an elongated element must withstand the larger torque, it must be fabricated 
of a relatively thicker material which prevents making a more compact automatic 
transmission. Further, because the weight of such a member would be increased, not 
only is the objective of a lightweight automatic transmission defeated, but also inertia 
(inertial force) would increase, reducing the controllability of the automatic transmission 
and increasing shock in speed changes. 
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[0006] Further, for example, in order to selectively input the reduced speed 
rotation output to the first planetary gear unit from the second planetary gear unit, a 
clutch or brake must be provided. In the case that a clutch is provided, this clutch and 
the above-described two clutches, a total of three clutches, are necessary. A clutch 
generally includes a clutch drum that transmits the input rotation to friction plates, and 
therefore, for example with a problem such as relative rotation, oil pressure to the oil 
compartment of the hydraulic servo of the clutch must be supplied from the mid-section 
of the automatic transmission. 

[0007] However, if the aforementioned three clutches are arranged in series on 
one axial side of the planetary gear unit, for example, the oil lines for supplying oil 
pressure to the three hydraulic servos must be provided in triplicate in the mid-section 
of the automatic transmission, and the configuration of the oil lines become 
complicated. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, the object of the present invention is to solve the above 
problems by providing an automatic transmission with a first clutch that is located 
between a decelerating planetary gear unit and an input shaft, and a brake for fixing a 
rotary component, on one axial side of a second planetary gear unit, and with a second 
clutch and a third clutch on the other axial side of the second planetary gear unit. 
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[0009] Accordingly, the present invention provides an automatic transmission 
comprising: an input shaft that transmits the output rotation of a drive source; a 
decelerating first planetary gear unit comprising an input rotary component which 
receives the rotation of the input shaft, an intermediate component, a decelerated rotary 
component that rotates at a reduced speed based on rotation received from the input 
rotary component through the intermediate component; engaging means for controlling 
the rotation of the input rotary component or rotation of the intermediate component; a 
second planetary gear unit comprising first, second, third and fourth rotary elements for 
receiving the decelerated rotation transmitted from the decelerated rotary component; a 
first clutch for selectively connecting the input shaft and the second rotary element; a 
second clutch for selectively connecting the input shaft and the third rotary element; 
and an output member for outputting the rotation of the fourth rotary element to a wheel 
drive mechanism. The automatic transmission of the present invention provides at 
least five forward speeds and one reverse speed. 

[0010] The first clutch and the second clutch are engaged together in fourth 
speed forward. The first planetary gear unit and the engaging means are located on 
one axial side of the second planetary gear unit, while the first and second clutches are 
located on the other axial side of the second planetary gear unit and the output member 
is located between (1 ) the second planetary gear unit and (2) the decelerating first 
planetary gear unit and the engaging means. 
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[001 1] Accordingly, the automatic transmission of the present invention 
provides at least five forward speeds and one reverse speed with direct coupling in 
fourth speed forward and, compared to the case wherein two clutches are located 
between the first and second planetary gear units, the planetary gear units can be 
located closer together, and the transmitting member for transmitting the decelerated 
rotation can be made relatively shorter. Therefore, the automatic transmission can be 
made more compact and lightweight, and further, because the inertia (inertial force) can 
be reduced, the controllability of the automatic transmission is improved, and the 
occurrence of speed change shock is reduced. 

[0012] Further, due to the output unit being located axially between the second 
planetary gear unit and the first (speed reducing) planetary gear unit and the engaging 
means, the output unit can be located in approximately the axial center of the automatic 
transmission. Thus, when the automatic transmission is mounted on a vehicle, there is 
no need for enlargement in one axial direction because the output unit is mounted 
adjacent the drive wheel transmission mechanism. Because of this, particularly in the 
case of a FF vehicle, interference with the front wheels is reduced, and the mountability 
on the vehicle is improved, e.g. the steering angle is greatly improved. 

[0013] The engaging means may be a first clutch located between the input 
shaft and the input rotary component, and/or a first brake for braking the intermediate 
component. The first clutch is designed to engage at relatively slow to medium speeds. 
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[0014] Compared to transmissions wherein three clutches are located on one 
side of the planetary gear unit, in the transmission of the present invention the design of 
an oil line to provide oil to the hydraulic servos for these clutches and the manufacturing 
process can be simplified and the costs brought down. Further, since the friction 
members and hydraulic servo of the third clutch can be made smaller, it can be located 
on the radially inner side of the second brake, and the automatic transmission can be 
made more compact. 

[0015] The engaging means may also be a third clutch located between the 
input shaft and the input rotary component. 

[0016] Further, where three clutches are provided, compared to the case 
wherein three clutches are located on one side of the planetary gear unit, the 
construction of an oil line to provide oil to the hydraulic servos for these clutches can be 
made easily, the manufacturing process can be simplified and the costs can be brought 
down. Further, since the friction members and hydraulic servo of the third clutch can be 
made smaller, the third clutch can be located radially inward of the second brake, and 
the automatic transmission can be made more compact. 

[0017] In one embodiment the present invention also includes a second brake 
for fixing the first rotary element which receives input of the decelerated rotation. The 
second brake and the third clutch each include friction members and a hydraulic servo 
for engaging the friction members. The friction members of the third clutch are located 
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radially outward of the friction members of the second brake. Accordingly, the third 
clutch is between the input shaft and input rotary component, whereby the load on the 
third clutch can be reduced as compared to arrangements wherein, for example, the 
third clutch is between the input rotary component and first rotary element. Therefore, 
the third clutch can be made more compact, so the friction members of the third clutch 
and its hydraulic servo can be reduced in size, allowing location on the radially inner 
side of the second brake, thereby enabling the automatic transmission to be made 
more compact. 

[0018] The third clutch may be located between the first (reducing) planetary 
gear unit and the output member with the drum member of the third clutch opening 
toward the first reducing planetary gear unit. 

[0019] The present invention may also include a linking unit (or "member") for 
linking the decelerated rotary component and the first rotary element, with the third 
clutch located on the radially inner side of the linking unit. 

[0020] The hydraulic servo of the third clutch is preferably located on the input 
shaft, in communication with an oil path extending from the case through an oil path 
provided in the input shaft. 



[0021] The third clutch includes friction members and a hydraulic servo for 
engaging the friction members; wherein the hydraulic servo is axially located on the side 
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of the friction members opposite the first (decelerating) planetary gear unit, and the 
cylinder of this hydraulic servo is linked to the input shaft. 

[0022] The first brake may be axially located on the same side of the second 
planetary gear unit as the first planetary gear unit, with its hydraulic servo formed in the 
case. 

[0023] The present invention preferably also includes a second brake for fixing 
the first rotary element which receives input of the reduced speed rotation. In such 
embodiments the first brake and the second brake each include friction members and a 
hydraulic servo for engaging the friction members, the hydraulic servo of the first brake 
may be located on the radially inward side of the hydraulic servo of the second brake, 
and the friction members of the first brake mesh with members extending between the 
hydraulic servo of the first brake and the hydraulic servo of the second brake. 

[0024] In embodiments wherein a second brake is provided to fix the first rotary 
element against rotation, the engaging means may be located radially inward of the 
second brake. 

[0025] When the first clutch is released at a relatively high speed or in reverse, 
with the unit connecting this first clutch and second rotary element rotating at the 
relatively high speed or in reverse, there may be cases wherein the transmitting 
member that transmits the decelerated rotation from the first planetary gear unit is 

8 



o 

rotating at a reduced speed or is fixed, and there is a large difference in rotational 
speed between the first clutch and the transmitting member. However, because the first 
clutch is axially located on the side of the second planetary gear unit opposite the first 
planetary gear unit, that is to say, the unit with a relatively high speed rotation or 
reverse rotation and the unit with decelerated rotation (particularly the linking member) 
can be spaced apart and, compared with the case wherein for example those units are 
in contact in a multi-axial arrangement, a decrease in efficiency of the automatic 
transmission resulting from the relative speed difference between members can be 
prevented. 

[0026] The first clutch includes friction members, a hydraulic servo that 
engages the friction members, and a hub which is linked with the second rotary 
element, with the cylinder of the hydraulic servo linked with the input shaft. 

[0027] Preferably, the linking member that links the reduced speed rotary 
component of the first planetary gear unit with the first rotary element of the second 
planetary gear unit, passes through the output member, i.e., radially inward of the inner 
circumference of the output member. 

[0028] The present invention preferably further includes a differential unit for 
outputting rotation to drive wheels, and a counter shaft unit engaged with the differential 
unit, wherein the output member is a counter gear meshing with the counter shaft unit. 
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[0029] The second planetary gear unit is preferably a multiple type planetary 
gear unit, including a first sun gear, a long pinion which meshes with the first sun gear, 
a short pinion which meshes with the long pinion, a carrier for rotationally supporting the 
long pinion and the short pinion, a second sun gear meshing with the short pinion, and 
a ring gear meshing with the long pinion. In such an embodiment the first rotary 
element is the first sun gear capable of receiving input of the decelerated rotation from 
the decelerated rotary component, and is fixed by the second brake; the second rotary 
element is the second sun gear for receiving input of rotation of the input shaft by 
engagement of the first clutch; and the third rotary element is a carrier capable of 
receiving input of the rotation of the input shaft by engagement of the second clutch, 
and which is fixed by engagement of a third brake; and wherein the fourth rotary 
element is the ring gear linked to the output member. 

[0030] In operation, preferably, in first speed forward, the first clutch and the 
third brake are engaged; in second speed forward, the first clutch and the second brake 
are engaged; in third speed forward, decelerated rotation is input to the first rotary 
element from the decelerated rotary component, and the first clutch is engaged; in 
fourth speed forward, the first clutch and the second clutch are both engaged; in fifth 
speed forward, decelerated rotation is input to the first rotary element from the 
decelerated rotary component, and the second clutch is engaged; and in sixth speed 
forward, the second clutch and the second brake are engaged; and in first speed 
reverse, reduced speed rotation is input to the first rotary element from the decelerated 
rotary component and the third brake is engaged; whereby six forward speeds and one 
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reverse speed can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 is a schematic cross-sectional view of a first embodiment of an 
automatic transmission according to the present invention; 

[0032] Fig. 2 is a table of operations of the automatic transmission of the first 
embodiment; 

[0033] Fig. 3 is a speed line diagram of the automatic transmission of the first 
embodiment; 

[0034] Fig. 4 is a schematic cross-sectional view of an automatic transmission 
according to a second embodiment; 

[0035] Fig. 5 is a schematic cross-sectional view of a third embodiment of an 
automatic transmission according to the present invention; 

[0036] Fig. 6 is a table of operations of the third embodiment; 

[0037] Fig. 7 is a speed line diagram for the automatic transmission of the third 
embodiment; 

[0038] Fig. 8 is a schematic cross-sectional view of a fourth embodiment of an 
automatic transmission according to the present invention; 

[0039] Fig. 9 is a table of operations of the automatic transmission according to 
the fourth embodiment; and 

[0040] Fig. 10 is a speed line diagram of an automatic transmission according 
to the fourth embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Embodiment 

[0041] A first embodiment of the present invention will be described with 
reference to Fig. 1 through Fig. 3 below. 

[0042] The automatic transmission of the first embodiment of the present 
invention as illustrated in Fig. 1 is particularly favorable for a FF (front engine, front 
wheel drive) vehicle, and has a torque converter housing, not illustrated, and a 
transmission case 3. Within the torque converter housing is a torque converter, not 
illustrated. The transmission case 3 houses an automatic transmission 1 1f a counter 
shaft unit (drive wheel transmission mechanism), not illustrated, and a differential unit 
(drive wheel transmission mechanism). 

[0043] The torque converter is arranged, for example, with its axis centered on 
input shaft 2 of the automatic transmission 1 1f which is on the same axis as the output 
shaft of the engine (not illustrated), and the automatic transmission ^ is also centered 
on the axis of the engine. 

[0044] The above-mentioned counter shaft unit includes a counter shaft (not 
illustrated) with its axis arranged parallel to the input shaft 2, and the above-mentioned 
differential unit has a lateral axle, not illustrated, arranged with its axis parallel to that of 
the counter shaft. 
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[0045] The automatic transmission 1 , of the first embodiment will now be 
described with reference to Fig. 1. As illustrated in Fig. 1, the automatic transmission ^ 
comprises a front (second) planetary gear unit PU and a rear (first) planetary gear unit 
PR on the input shaft 2. The front planetary gear unit PU is a multiple-type planetary 
gear unit, which has a sun gear S2 (the second rotary element), a carrier CR2 (the third 
rotary element), a ring gear R3 (the fourth rotary element), and a sun gear S3 (the first 
rotary element), as the four rotary elements. The carrier CR2 has a long pinion PL that 
meshes with a sun gear S3 and a ring gear R3, and a short pinion PS that meshes with 
a sun gear S2. Pinions PL and PS are meshed with one another. The rear planetary 
gear unit PR is a double planetary gear unit which includes a carrier (intermediate 
component) CR1 , a pinion Pb which meshes with a ring gear (reduced speed rotary 
component) R1 and a pinion Pa which meshes with a sun gear (input rotary 
component) S1 . Pinions Pa and Pb are meshed one to another. 

[0046] A hydraulic servo 13, friction plates 73, a clutch drum, and a multi-disc 
clutch C3 (the third clutch), which includes a hub unit 26, are arranged centered on the 
input shaft 2. 

[0047] The hydraulic servo 13, includes a piston unit b for engaging the friction 
plates 73, a drum-shaped member 25 that has a cylinder unit e, an oil chamber "a" 
which is formed as a space sealed by seal rings f and g between the piston unit b and 
the cylinder unit e, a return spring c that biases piston unit b toward oil chamber "a", 
and a return plate d that bears the force of the return spring c. 
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[0048] The other hydraulic servos are similarly constructed, having an oil 
chamber "a", a piston unit b, return spring c, return plate d, cylinder unit e, and seal 
rings f and g, and, therefore, description thereof will be omitted. 

[0049] The oil chamber "a" of hydraulic servo 1 3 is connected to an oil line 2a 
which is formed in the input shaft 2, and this oil line 2a is connected to an oil line 92 at a 
boss 3a of case 3 which forms a sleeve around input shaft 2. Oil line 92 connects to an 
oil pressure control unit, not illustrated. Thus, because the hydraulic servo 13 is 
arranged on input shaft 2, an oil path from the oil pressure control unit to the oil 
chamber "a" of the oil pressure servo 13 is constructed simply by providing one set of 
seal rings 81 between boss 3a and the input shaft 2. 

[0050] The input shaft 2 is connected to the drum 25 having an inner 
circumferential surface to which the friction plates 73 of the clutch C3 are splined. The 
friction plates 73 of clutch C3 are intermeshed with friction plates splined to the hub 26 
which is connected to the sun gear S1. Carrier CR1 supports the pinions Pa and Pb. 
Pinion Pb meshes with the ring gear R1 , and pinion Pa meshes with the sun gear S1 
which is connected to the input shaft 2. The carrier CR1 is secured to the boss 3a of 
the case 3 via a side plate, and the ring gear R1 is supported for free rotation by the 
boss 3a through member 31 . 

[0051] Arranged on the outer circumferential side of this ring gear R1 is a multi- 
disc brake B1 (the second brake) that includes a hydraulic servo 14, friction plates 74, 
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and a hub 29. The friction plates 74 are intermeshed with friction plates splined to the 
outer circumferential surface of the hub 29. The hub 29 is connected to ring gear R1 at 
one axial end, and is connected at its other axial end to a transmitting member 30 that 
transmits the rotation of the ring gear R1 when clutch C3 is engaged and that, in turn, is 
connected to the sun gear S3 of the second planetary gear unit PU. In other words, the 
ring gear R1 and the sun gear S1 are constantly connected with no clutch located 
between, and rotation is constantly transmitted between S1 and R1. 

[0052] At the front end of the input shaft 2 (left side of diagram) is a multi-disc 
clutch C1 ("first clutch") that includes a hydraulic servo 1 1 , friction plates 71 , a clutch 
drum 21 , and a hub 22. A boss 3b extends axially from the front side of the case 3 and 
is formed as a sleeve around the input shaft 2. A multi-disc clutch C2 ("second clutch") 
includes a hydraulic servo 12, friction plates 72, a clutch drum 23, and a hub 24. 

[0053] The oil chamber "a" of hydraulic servo 1 1 is connected to oil line 2b 
formed in input shaft 2, and oil line 2b is connected to an oil line 93 in the boss 3b. Line 
93, in turn, connects to an oil pressure control device, not illustrated. Thus, the 
hydraulic servo 1 1 has an oil line for communication of oil chamber "a" with the oil 
pressure control device formed with one set of seal rings 82 that form a seal between 
the boss 3b of the case 3 and the input shaft 2. 

[0054] The oil chamber "a" of the hydraulic servo 12 is connected to an oil line 
94 in the boss 3b which, in turn, connects to the oil pressure control device, not 
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illustrated. Thus, the oil chamber "a" of oil pressure servo 12 is connected to the oil 
pressure control device through a connection formed by one set of seal rings 83 that 
form a seal between the boss 3b of the case 3 and the drum member 23. 

[0055] The drum 21 of the clutch C1 is connected to the input shaft 2 and has 
an inner circumferential surface splined to friction plates 71 . The clutch C1 is engaged 
by operation of the hydraulic servo 1 1 . The friction plates 71 are intermeshed with 
plates splined to a hub 22 which is connected to the sun gear S2. 

[0056] The drum 23 of the clutch C2 is also connected to the input shaft 2 and 
has an inner circumferential surface splied to friction plates 72 of the clutch C2 that are 
engaged by the hydraulic servo 12. The friction plates 72 are intermeshed with plates 
splined to a hub unit 24 which is connected to the carrier CR2. 

[0057] On the radially outer side of the second planetary gear unit PU is a 
multi-disc brake B2 that includes a hydraulic servo 15, friction plates 75, and a hub 28. 
An end plate of the carrier CR2 of planetary gear unit PU is connected to a hub 28 that 
is splined to friction plates intermeshed with friction plates 75 of the brake B2, and this 
hub 28 is connected to the inner race of a one-way clutch F1 . The sun gear S2 is 
meshed with the short pinion PS of carrier CR2, and the sun gear S3 and ring gear R3 
are meshed with the long pinion PL of carrier CR2. Also, a linking member 27 is 
connected to one end of ring gear R3, and links ring gear R3 to the counter gear 
(output) unit 5. 
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[0058] As described above, the rear (first) planetary gear unit PR and the 
clutch C3 are arranged at one axial side of the planetary gear unit PU, and the clutches 
C1 and C2 are arranged on the other axial side of the planetary gear unit PU. The 
counter gear 5 is located axially between the first planetary gear unit PR and the 
second planetary gear unit PU. Further, the brake B1 is located on the radially outer 
side of the first planetary gear unit PR, and the brake B2 is located on the radially outer 
side of the second planetary gear unit PU. 

[0059] Operations of the automatic transmission 1 1 will now be described with 
reference to Fig. 1, Fig. 2, and Fig. 3. The vertical axes of the speed line diagram of 
Fig. 3 indicate the speed of each rotary element, and the horizontal axis indicates the 
corresponding gear ratio of the rotary elements. In the second planetary gear unit PU 
section of this speed line diagram, the vertical axis on the right side of Fig. 3 
corresponds to sun gear S3, and moving to the left within the diagram, the vertical axes 
correspond, in succession, to the carrier CR2, the ring gear R3, and the sun gear S2. 
On the first planetary gear unit PR section of this speed line diagram, the vertical axis 
on the right side of Fig. 3 corresponds to sun gear S1 , and moving to the left within the 
diagram, the vertical axes correspond, in succession, to the ring gear R1 and the carrier 
CR1. Further, the widths between these vertical axes are inversely proportional to the 
number of teeth of each of the sun gears S1 , S2, S3, and inversely proportional to the 
number of teeth of the ring gears R1 , R3. The horizontal dotted line within the diagram 
illustrates rotation transmitted from the transmitting member 30. 
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[0060] As illustrated in Fig. 1 , the rotation of input shaft 2 is input to the sun 
gear S2 by engagement the clutch C1 . The rotation of input shaft 2 is input to the 
carrier CR2 by engagement of the clutch C2, and this carrier CR2 can be held against 
rotation by engagement of brake B2, and rotation is limited to one direction by the one- 
way clutch F1. 

[0061] The sun gear S1 is connected to the input shaft 2 by engagement of the 
clutch C3 for receipt of the input rotation. Further, the carrier CR1 is connected to the 
case 3 and thereby fixed against rotation so that the rotation of the input shaft 2 input to 
the sun gear S1 causes the ring gear R1 to rotate at a reduced speed. The reduced 
speed rotation of this ring gear R1 is input to the sun gear S3 via the transmitting 
member 30. Further, when the clutch C3 is not engaged, and the brake B1 is engaged, 
the sun gear S3 is fixed against rotation via this transmitting member 30. 

[0062] The rotation of the ring gear R3 is output to the above-mentioned 
counter gear 5, and from the counter gear 5 to the drive wheels via a counter shaft unit, 
not illustrated, and to a differential unit. 

[0063] In first speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch C1 and one-way clutch F1 are engaged. Then, as illustrated in Fig. 3, the 
rotation of input shaft 2 is input to the sun gear S2 via the clutch C1 , and the rotation of 
the carrier CR2 is restricted to one direction (the forward rotation direction), in other 
words, the carrier CR2 is prevented from rotating in the opposite direction. Further, the 
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rotation of input shaft 2 that is input to the sun gear S2 is output to the ring gear R3 via 
the fixed carrier CR2, and the forward rotation for first speed forward is output from the 
counter gear 5. 

[0064] When downshifting (when coasting), the brake B2 is engaged and 
carrier CR2 is thereby fixed, and first speed forward is maintained. Further, in this first 
speed forward, the one-way clutch F1 prevents the carrier CR2 from rotation in the 
opposite direction and allows forward rotation, and therefore, switching from a non- 
running range to a running range and achieving the first speed forward can be 
accomplished more smoothly by the automatic engagement of the one-way clutch. 

[0065] In second speed forward within D (drive) range, as illustrated in Fig. 2, 
the clutch C1 is engaged and the brake B1 is also engaged. Then, as illustrated in Fig. 
3, the rotation of input shaft 2 is input to the sun gear S2 via the clutch C1 , and the sun 
gear S3 is fixed by engagement of brake B1 . In this state, the carrier CR2 slightly 
reduces rotational speed, the rotation of input shaft 2 that was input to the sun gear S2 
is output to the ring gear R3 via the carrier CR2 at this reduced rotational speed, and 
the forward rotation for second speed forward is output from the counter gear 5. 

[0066] In third speed forward within the D (drive) range,as illustrated in Fig. 2, 
the clutch C1 and the clutch C3 are engaged. Then, as illustrated in Fig. 3, the rotation 
of input shaft 2 is input to the sun gear S2 via the clutch C1 . The rotation of input shaft 
2 is also input to the sun gear S1 via the clutch C3, the ring gear R1 reduces the 
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rotational speed due to non-rotation of the fixed carrier CR1 , and the reduced speed of 
this ring gear R1 is output to the sun gear S3 via the transmitting member 30. Then, 
the carrier CR2 will have a slightly increased rotational speed compared to the 
rotational speed of sun gear S3 because of the rotation of the input shaft 2 input to the 
sun gear S2 and the reduced speed rotation of the sun gear S3. Further, the rotation of 
the input shaft 2 input into the sun gear S2 is output to the ring gear R3 via the carrier 
CR2 at the reduced rotational speed, and the forward rotation for third speed forward is 
output from the counter gear 5. In this case, because the sun gear S3 and the ring 
gear R1 rotate at a reduced speed, the transmitting member 30 transmits a relatively 
large torque. 

[0067] In fourth speed forward within the D (drive) range, as illustrated in Fig. 
2, the clutch C1 and the clutch C2 are engaged. Then, as illustrated in Fig. 3, the 
rotation of the input shaft 2 is input to the sun gear S2 via the clutch C1 , and into the 
carrier CR2 via the clutch C2 to establish a state of directly coupled rotation, and the 
rotation of the input shaft 2 is output as is to the ring gear R3, and the forward rotation 
for fourth speed forward is output from the counter gear 5. 

[0068] In fifth speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch C2 and the clutch C3 are engaged. Then, as illustrated in Fig. 3, the rotation 
of the input shaft 2 is input to the carrier CR2 via the clutch C2 and to the sun gear S1 
via the clutch C3, and the ring gear R1 rotates at a reduced speed, and the rotation of 
ring gear R1 is output at this reduced speed to the sun gear S3 via the transmitting 
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member 30. Then, overdrive rotation due to the reduced rotational speed of the sun 
gear S3 and input to the carrier CR2 of the rotation of the input shaft, is output to the 
ring gear R3, and the forward rotation for fifth speed forward is output from the counter 
gear 5. In this case, similar to the case of the third speed forward, because the sun 
gear S3 and the ring gear R1 are rotating at a reduced speed, the transmitting member 
30 transmits a relatively large torque. 

[0069] In sixth speed forward within the D (drive) range, as illustrated in Fig. 2, 
the clutch C2 is engaged and the brake B1 is engaged. Then, as illustrated in Fig. 3, 
the rotation of the input shaft 2 is input to the carrier CR2 via the clutch C2, and the sun 
gear S3 is fixed by engagement of the brake B2. This causes overdrive rotation at a 
speed higher than that of the above-mentioned fifth speed forward, derived from the 
rotation of the input shaft 2 input to the carrier CR2 with the sun gear S3 fixed, to be 
output to the ring gear R3, and the forward rotation for sixth speed forward is output 
from the counter gear 5. 

[0070] In first speed reverse within R (reverse) range, as illustrated in Fig. 2, 
the clutch C3 and the brake B2 are engaged. Then, as illustrated in Fig. 3, the rotation 
of the input shaft 2 is input to the sun gear S1 via the clutch C3, and the ring gear R1 
rotates at a decreased speed with the carrier CR1 fixed, and the rotation of this ring 
gear R1 is output to the sun gear S3 via the transmitting member 30. Further, the 
carrier CR2 is fixed by engagement of the brake B2. Then, the rotation of the sun gear 
S3 at reduced speed with the carrier CR2 fixed is output to the ring gear R3 as reverse 
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direction rotation, and the reverse direction rotation for first speed reverse is output 
from the counter gear 5. In this case, similar to the cases of the third speed forward 
and fifth speed forward, because the sun gear S3 and the ring gear R1 are rotating at a 
reduced speed, the transmitting member 30 transmits a relatively large torque. 

[0071] In P (parking) and N (neutral), the clutch C1, clutch C2, and clutch C3 
are released, transmission between the input shaft 2 and the counter gear 5 is 
disconnected, and the automatic transmission ^ as a whole is in an idle state (neutral 
state). 

[0072] As illustrated in Fig. 2 and Fig. 3, in first speed forward, second speed 
forward, fourth speed forward, and sixth speed forward, in the planetary gear PR, the 
rotation of the sun gear S3 is input to the ring gear R1 via the transmitting member 30, 
and further, because the clutch C3 is released as illustrated in Fig. 3, the sun gear S1 
rotates based on the rotation of ring gear R1 and the fixed state of carrier CR1 . 

[0073] As described above, in the automatic transmission 1 1 of the present 
invention, the planetary gear PR and the clutch C3 are arranged on one axial side of 
the planetary gear unit PU, and the clutch C1 and the clutch C2 are arranged on the 
other axial side of the planetary gear unit PU, and the automatic transmission can 
provide six forward speeds and one reverse speed with direct coupling in fourth speed 
forward. For example, compared to a transmission wherein the clutch C1 or clutch C2 
is located between the first planetary gear unit PR and the second planetary gear unit 
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PU, the first planetary gear unit PR and the second planetary gear unit PU can be 
located closer together, and the transmitting member 30 which transmits the reduced 
speed rotation can be made relatively shorter. Therefore, the automatic transmission 
can be made more compact and lightweight, and further, because the inertia (inertial 
force) can be reduced, the controllability of the automatic transmission can be 
improved, and the occurrence of speed change shock can be reduced. 

[0074] Further, the clutch C3 is located on one axial side of the second 
planetary gear unit PU, and the clutch C1 and the clutch C2 are located on the other 
axial side of the second planetary gear unit PU. Therefore, compared to the case 
wherein for example three clutches C1 , C2, and C3 are arranged on one side of the 
second planetary gear unit PU, the construction of oil lines (for example, 2a, 2b, 92, 93, 
94) for providing oil to the hydraulic servos 11,12, and 1 3 for these clutches C1 , C2, C3 
becomes easier, the manufacturing process is simplified and the costs reduced. 

[0075] Further, because the hydraulic servos 1 1 and 13 are provided on the 
input shaft 2, two sets of seal rings 81 and 82 seal the case 3 to the oil lines 2a and 2b 
provided within input shaft 2, and therefore oil can be supplied to the oil compartment of 
hydraulic servos 1 1 and 13 without providing seal rings between, for example, the input 
shaft 2 and the hydraulic servos 1 1 and 13. Further, the hydrualic servo 12 can be 
supplied with oil directly from the boss 3b, without passing through other units for 
example, by provision of the one set of seal rings 83. Therefore, oil can be supplied 
simply by providing one set of seal rings 81 and 82, 83 each for the oil pressure servos 
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11, 12, and 13, and because sliding resistance from seal rings is minimized, the 
efficiency of the automatic transmission is improved. 

[0076] The clutch C1 is a clutch that engages at relatively slow to medium 
speeds, i.e., in first speed forward, second speed forward, third speed forward, and 
fourth speed forward, and is released at fifth speed forward, sixth speed forward, or first 
speed reverse, which are relatively high speeds. The hub 22 that connects clutch C1 
and sun gear S2 rotates at a relatively high speed or in reverse (see Fig. 3). On the 
other hand, with the transmitting member 30 rotating at a reduced speed in fifth speed 
forward or first speed reverse, and when the transmitting member is fixed at sixth speed 
forward, the difference between the rotational speeds of the hub unit 22 and the 
transmitting member 30 may become large. However, because this clutch C1 is 
located on the opposite side of the planetary gear unit PU, the hub unit 22 and the 
transmitting member 30 can be spaced apart and, compared with the case wherein for 
example those units are configured in a multi-axial construction, the decrease in 
efficiency of the automatic transmission, which would otherwise result from the relative 
rotation occurring because of friction between those units, can be prevented. 

[0077] Further, since the counter gear 5 is axially intermediate the second 
planetary gear unit PU and the first planetary gear unit PR, the counter gear 5 can be in 
approximately the axial center of the automatic transmission. For example, when the 
automatic transmission is mounted on the vehicle, enlargement in one axial direction 
(particularly in the rear direction where the input from the drive source is at the axial 
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front) can be avoided because the counter gear 5 is mounted adjacent the drive wheel 
transmission mechanism. Because of this, particularly in the case of a FF vehicle, the 
interference with the front wheels is reduced, mountability on a vehicle is improved, and 
the steering angle is improved. 

[0078] Further, in the event that the hydraulic servo 13 adjoins the first 
planetary gear unit PR, for example, and the hub unit 26 serves as the cylinder for the 
hydraulic servo 13, it becomes necessary to provide one set of seal rings between the 
hub 26 and the input shaft 2. However, the hydraulic servo 13 of the clutch C3 is 
located on the side of the friction plates 73 axially opposite the planetary gear PR and, 
therefore, seal rings are not provided, and thus the number of seal rings is reduced, 
sliding resistance is reduced, and by doing so the efficiency of the automatic 
transmission is improved. 

[0079] Because the automatic transmission 1 1 according to the first 
embodiment is directly coupled in fourth speed forward, in fifth speed forward and in 
sixth speed forward, the gear ratio can be a high ratio, and particularly when the vehicle 
is running at a high speed, the engine speed can be reduced to quiet the vehicle while 
running at a high speed. 

[0080] Japanese Unexamined Patent Application Publication No. 8-68456 
proposes a construction wherein a clutch is located in the path of reduced speed 
transmission from the reducing ("rear") planetary gear unit to the input rotary element of 
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the front planetary gear unit, and because of the large torque transmitted along this 
path, the clutch or members that transmit the torque must be constructed so as to 
withstand this large torque. In other words, the number of friction members of a clutch 
must be increased, or the size thereof increased, or the hydraulic servo for operating 
the clutch must be made larger. Further, because a brake must be designed to hold 
the rotary element of the planetary gear unit against rotation this proposed automatic 
transmission could not be made sufficiently compact. Therefore, it is an object of the 
present embodiment to provide an automatic transmission that solves the above- 
mentioned problems, by constructing a compact clutch and brake in the area of the 
reducing planetary gear unit. 

[0081] Therefore, in the automatic transmission 1 1 of the present embodiment, 
the clutch C3 is located between the input shaft 2 and the sun gear S1 , and therefore, 
compared to the case wherein the clutch C3 is located for example between the ring 
gear R1 and the sun gear S3, the load on the clutch C3 is decreased, and the clutch C3 
can be made more compact. Further, because the friction members and hydraulic 
servo of the clutch C3 can be made smaller, these members can be located on the 
radially inner side of the brake B1, and the automatic transmission can be made more 
compact. 

Second Embodiment 



[0082] A second embodiment, which is a partial modification of the first 
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embodiment, will be described with reference to Fig. 4. Fig. 4 is a schematic cross- 
sectional diagram of the automatic transmission of the second embodiment. 
Components of the second embodiment which are the same as those of the first 
embodiment are denoted by the same reference numerals in Fig. 4, and description 
thereof omitted, except for those components partially modified. 

[0083] As Fig. 4 illustrates, the automatic transmission 1 2 of the second 
embodiment has the input and output ends the reverse of the automatic transmission ^ 
of the first embodiment (see Fig. 1 ). However, the operations establishing the first 
speed forward through the sixth speed forward and the first speed reverse are similar 
(see Fig. 2 and Fig. 3). 

[0084] As shown in Fig. 4, in the automatic transmission 1 2 of the second 
embodiment, the first planetary gear unit PR and the clutch C3 are located at one axial 
end of the planetary gear unit PU, and the clutch C1 and the clutch C2 are located at 
the other axial end of the planetary gear unit PU, and therefore the transmission is 
directly coupled in fourth speed forward, and can provide six forward speeds and one 
reverse speed. The planetary gear unit PR and the planetary gear unit PU can be 
located closer together, as compared to the case wherein for example the clutch C1 
and the clutch C2 are located between the planetary gear PR and the planetary gear 
unit PU, and the transmitting member 30 for transmitting the reduced rotation can be 
made relatively shorter. Therefore, the automatic transmission can be made compact 
and lightweight, and further, because the inertia (inertial force) can be reduced, the 
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controllability of the automatic transmission can be improved, and the occurrence of 
speed change shock can be reduced. 

[0085] Further, because the clutch C3 is located at one axial side of the 
second planetary gear unit PU and the clutch C1 and the clutch C2 are located at the 
other axial side of the second planetary gear unit PU, as compared to the case wherein 
the three clutches C1 , C2, and C3 are located on one side of the second planetary gear 
unit PU for example, the construction of oil lines (for example, 2a, 2b, 92, 93, 94) which 
provide oil to the hydraulic servos 11,12, and 1 3 for these clutches C1 , C2, C3 can be 
more easily made, the manufacturing process can be simplified and the cost brought 
down. 

[0086] Further, because the oil pressure servos 1 1 and 13 are provided on the 
input shaft 2, one set of seal rings 81 and 82 form a seal with the case 3 and supply oil 
to the oil lines 2a, and 2b provided within input shaft 2, and therefore oil can be 
supplied to the oil compartments of hydraulic servos 1 1 and 13 without providing seal 
rings between, for example, the input shaft 2 and the hydraulic servos 1 1 and 13. 
Further, the hydraulic servo 12 can receive supply of oil directly from the boss 3b, 
without passing through other units, utilizing only one set of seal rings 83. Therefore, oil 
can be supplied simply by providing one set of seal rings 81 and 82, 83 each for the oil 
pressure servos 11,12, and 13, sliding resistance from the seal rings can be minimized, 
and therefore the efficiency of the automatic transmission can be improved. 
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[0087] Because, the clutch C1 engages at relatively slow to medium speeds, 
i.e., first speed forward, second speed forward, third speed forward, and fourth speed 
forward, and is released at fifth speed forward, sixth speed forward, and first speed 
reverse, which are relatively high speeds, the hub unit 22 that connects this clutch C1 
with sun gear S2 rotates at a relatively high speed or in reverse (see Fig. 3), because 
the transmitting member 30 reduces the speed of rotation in fifth speed forward and 
first speed reverse, and because there may be cases wherein the transmitting member 
is fixed in sixth speed forward, the difference between rotational speeds of the hub 22 
and the transmitting member 30 may become large. However, because clutch C1 is 
located on the side of the second planetary gear unit PU opposite the first planetary 
gear unit PR, the hub 22 and the transmitting member 30 can be spaced apart, and 
compared with the case wherein for example those units are in contact in a multi-axial 
design, the decrease in efficiency of the automatic transmission resulting from the 
relative rotation occurring because of friction between these units can be prevented. 

[0088] Further, because the counter gear 5 is located axially intermediate the 
second planetary gear unit PU and the first planetary gear unit PR, the counter gear 5 
can be located in approximately the axial center of the automatic transmission. For 
example, when the automatic transmission is mounted on a vehicle, enlargement in one 
axial direction (particularly in the rear direction when the input side which connects with 
the drive source is the "front") is not necessary because the counter gear 5 is mounted 
adjacent the drive wheel transmission mechanism. Because of this, particularly in the 
case of a FF vehicle, interference with the front wheels is reduced, and the mountability 
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on a vehicle is improved, such that the steering angle, for example, is greatly improved. 

[0089] Further, in the event that the hydrualic servo 13 is located adjoining the 
first planetary gear unit PR, for example, and the hub 26 serves as the cylinder of the 
hydraulic servo 13, it becomes necessary to provide one set of seal rings between the 
hub 26 and the input shaft 2. However, in this second embodiment the hydraulic servo 
13 of the clutch C3 is located on the side of the friction plates 73 axially opposite the 
first planetary gear unit PR, and therefore seal rings are omitted, the total number of 
seal rings is reduced, sliding resistance is reduced, and thus the efficiency of the 
automatic transmission is improved. 

[0090] Further, the automatic transmission 1 2 of the present embodiment is 
directly coupled in fourth speed forward. Therefore, in fifth speed forward and sixth 
speed forward, the gear ratio can be a high ratio, and particularly when the vehicle is 
running at a high speed, the engine speed can be lowered, allowing the vehicle to run 
more quietly at high speed. 

[0091] In the automatic transmission 1 2 of this second embodiment, because 
the clutch C3 is located between the input shaft 2 and the sun gear S1, compared to 
the case wherein the clutch C3 is located for example between the ring gear R1 and the 
sun gear S3, the load on the clutch C3 can be decreased, and the clutch C3 can be 
made more compact. Further, because the friction members and hydraulic servo of the 
clutch C3 can be made smaller, they can be located on the radially inner side of the 
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brake B1 , and the automatic transmission can be made more compact. 

Third Embodiment 

[0092] The third embodiment, which is a partial modification of the first 
embodiment will be described with reference to Fig. 5 through Fig. 7. Components of 
the third embodiment which are the same as those of the first embodiment are denoted 
by the same reference numerals in Figs. 5-7, and description thereof omitted, except for 
those components partially modified. 

[0093] As Fig. 5 illustrates, the automatic transmission 1 3 of the third 
embodiment differs from the first embodiment in the configuration of the planetary gear 
unit PR, in that a brake B3 (the first brake) replaces the clutch C3, and in that the 
carrier CR1 of the first planetary gear unit PR is modified so as to be capable of being 
fixed by the brake B3. 

[0094] In this third embodiment brake B3 is located on the side of the first 
planetary gear unit PR opposite the second planetary gear unit PU (right side of 
diagram). This brake B3 comprises a hydraulic servo 16, friction plates 76, and a hub 
33. Further, the brake B1 is located radially outward of the brake B3. 



[0095] The hub 33 of brake B3 is connected to one side plate of the carrier 
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CR1 , and carrier CR1 is rotatabiy supported by the input shaft 2 or the boss 3a. 
Further, the sun gear S1 is connected to the input shaft 2. Also, the friction plates 74 of 
the brake B1 are splined to the outer circumferential surface of the ring gear R1 , and 
also this ring gear R1 is connected to the sun gear S3 via the transmitting member 30. 
In other words, the ring gear R1 and the sun gear S1 are constantly connected with one 
another, with no clutch located therebetween, for constant transmission of the rotation. 

[0096] The operations of the automatic transmission 1 3 will now be described 
with reference to Fig. 5, Fig. 6, and Fig. 7 below. Similar to the above-mentioned first 
embodiment, the vertical axes of the speed line diagram illustrated in Fig. 7 indicate the 
speed of rotation of each rotary element, and the horizontal axis indicates the 
corresponding gear ratio of these rotary elements. In the second planetary gear unit 
PU section of this speed line diagram, the vertical axis at the right side of Fig. 7 
corresponds to sun gear S3, and moving to the left within the diagram, the vertical axes 
correspond to the carrier CR2, the ring gear R3, and the sun gear S2. In the first 
planetary gear unit PR section of this speed line diagram, the vertical axes at the right 
side of Fig. 7 correspond to sun gear S1 , and hereafter moving to the left within the 
diagram, the vertical axes correspond to the ring gear R1 and the carrier CR1 . Further, 
the widths between these vertical axes are inversely proportional to the number of teeth 
of each of the sun gears S1 , S2, S3, and to the number of teeth of each of the ring 
gears R1, R3. Also, the dotted line in a horizontal direction within the diagram 
represents rotation transmitted from the transmitting member 30. 
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[0097] As illustrated in Fig. 5, the carrier CR1 is fixed to the case 3 by 
engagement of the brake B3. Further, the rotation of the input shaft 2 is input to the 
sun gear S1 , and the ring gear R1 rotates at a speed reduced from that of the input 
shaft 2 which is input to sun gear S1 , with carrier CR1 being fixed. Thus, the reduced 
speed rotation of the ring gear R1 is input to the sun gear S3 via the transmitting 
member 30, by engagement of the brake B3. 

[0098] As Fig. 6 and Fig. 7 illustrate, in the first planetary gear unit PR, in third 
speed forward, fifth speed forward, and first speed reverse, the rotation of the input 
shaft 2 is input to the sun gear S1 by engaging the brake B3 to fix the carrier CR1 , and 
the reduced speed rotation is output to the ring gear R3 by the rotation of the sun gear 
S1 which is input from the input shaft 2, and the reduced speed rotation is input to the 
sun gear S3 via the transmitting member 30. Because the ring gear R1 and the sun 
gear S3 are rotating at a reduced speed, transmitting member 30 transmits a relatively 
large torque. On the other hand, in first speed forward, second speed forward, fourth 
speed forward, and sixth speed forward, the rotation of the sun gear S3 is input to the 
ring gear R1 via the transmitting member 30, and further, because the brake B3 is 
released, as Fig. 7 illustrates, the carrier CR1 rotates at a speed based on both the 
rotational speed of ring gear R1 and the rotational speed of sun gear S1 input from 
input shaft 2. 

[0099] Operations other than those of the first planetary gear unit PR described 
above are similar to those of the first embodiment (see Fig. 2 and Fig. 3), and, 
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accordingly, description thereof will be omitted. 

[01 00] As described above, in the automatic transmission 1 3 of this third 
embodiment, the first planetary gear unit PR and the brake B3 are located on one axial 
side of the second planetary gear unit PU, and the clutch C1 and the clutch C2 are 
located on the other axial side of the second planetary gear unit PU. Therefore, the 
automatic transmission can provide six forward speeds and one reverse speed, with 
direct coupling in fourth speed forward. For example, compared to the case wherein 
the clutch C1 or clutch C2 is located between the first planetary gear unit PR and the 
second planetary gear unit PU, the first planetary gear unit PR and the second 
planetary gear unit PU can be located closer together, and the transmitting member 30 
for transmitting the reduced rotation can be made relatively short. Therefore, the 
automatic transmission can be made more compact and lightweight, and further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be improved, and the occurrence of speed change shock can be 
reduced. 

[0101] Further, because the hydraulic servo 1 1 is provided on the input shaft 2, 
one set of seal rings 82 form a seal with the case 3 and provide a connection for supply 
of oil from the oil lines 2b provided within input shaft 2 to the oil compartment of 
hydraulic servo 1 1 without any seal rings between, for example, the input shaft 2 and 
the hydraulic servo 1 1 . Further, hydraulic servo 12 can receive supply of oil directly 
from the boss 3b without passing through other units for example. In other words, 
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supply of oil is provided by a connection formed with one set of seal rings 83. 
Therefore, oil can be supplied simply by providing one set of seal rings 82, 83 for each 
of the hydraulic servos 11, 12, sliding resistance from the seal rings can be minimized, 
and therefore the efficiency of the automatic transmission can be improved. 

[0102] Further, because the clutch C1 engages at relatively slow to medium 
speeds, i.e., first speed forward, second speed forward, third speed forward, and fourth 
speed forward, and is released in fifth speed forward, sixth speed forward, and first 
speed reverse, which are relatively high speed levels, the hub unit 22 that connects this 
clutch C1 and sun gear S2 rotates at a relatively high speed or in reverse (see Fig. 7). 
Because the transmitting member 30 rotates at a reduced speed in fifth speed forward 
and in first speed reverse, and because there may be cases wherein the transmitting 
member is fixed in sixth speed forward, the difference in speed of rotation between the 
hub 22 and the transmitting member 30 may become large. However, because the 
present invention locates this clutch C1 on the side of the second planetary gear unit 
PU opposite the first planetary gear unit PR, the hub 22 and the transmitting member 
30 can be spaced further apart, as compared with the case wherein for example those 
units are in contact with a multi-axial construction, and the decrease in efficiency of the 
automatic transmission resulting from the relative rotation occurring because of friction 
between those units can be prevented. 

[0103] Further, due to the counter gear 5 being located axially intermediate the 
second planetary gear unit PU and the first planetary gear unit PR, the counter gear 5 
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can be located at approximately the axial center of the automatic transmission. For 
example, when the automatic transmission is mounted on a vehicle, enlargement in one 
axial direction (particularly in the rear direction when the side which receives input from 
the drive source is the "front") becomes unnecessary because the counter gear 5 is 
mounted to adjoin the drive wheel transmission mechanism. Because of this, 
particularly in the case of a FF vehicle, interference with the front wheels is reduced, the 
mountability on a vehicle can be improved, and the steering angle can be greatly 
improved. 

[0104] Further, because the reduced speed rotation output to the second 
planetary gear unit PU from the first planetary gear unit PR is controlled by engagement 
and disengagement of the brake B3, the number of parts (for example drums and so 
forth) can be reduced compared to the case where, for example, a clutch C3 is 
provided. Further, the brake B3 can be operated by oil received directly from a line in 
the case 3, and therefore the construction of an oil line can be simplified as compared 
to the case wherein, for example, a clutch C3 is provided. 

[0105] Further, the automatic transmission 1 3 according to this third 
embodiment is directly coupled in fourth speed forward. Therefore, in fifth speed 
forward and sixth speed forward, the gear ratio can be a high ratio, and particularly for 
high vehicle speeds, the engine speed can be lower, and this makes the vehicle more 
quiet while running at a high speed. 
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[0106] By providing a compact clutch and brake in the area of the reducing 
planetary gear unit, this embodiment also provides an automatic transmission that is 
more compact overall. 

[0107] In the automatic transmission 1 3 of the present embodiment, the carrier 
CR1 is fixed by the brake B3, and therefore, compared to the case wherein the clutch is 
located between the ring gear R1 and the sun gear S3 for example, the load on the 
brake B3 can be reduced, and the friction members of the brake B3 and its hydraulic 
servo can be made smaller. Therefore, these elements can be located radially inward 
of the brake B1, and the automatic transmission can be made more compact. 

Fourth Embodiment 

[0108] The fourth embodiment, which is a partial modification of the first 
embodiment will be described with reference to Fig. 8 through Fig. 10. In Figs. 8-10 
components of the fourth embodiment which are the same as those of the first 
embodiment are denoted by the same reference numerals, and description thereof will 
be omitted, except for the partial modifications. 

[0109] As Fig. 8 illustrates, the automatic transmission 1 4 of the fourth 
embodiment differs in the configuration of the first planetary gear unit PR as compared 
to that of the automatic transmission 1 , of the first embodiment (see Fig. 1 ), and 
further, a brake B3 is added, and rotation of the input shaft 2 is input to the sun gear S1 
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of the first planetary gear unit PR by the clutch C3 and the carrier CR1 can be fixed 
against rotation by the brake B3. 

[01 10] The clutch C3 is located on the planetary gear unit PU side (left side of 
diagram) of the first planetary gear unit PR, and the brake B3 is located on the side of 
the first planetary gear unit PR opposite the second planetary gear unit PU (right side of 
diagram). The inner circumferential surface of the forward portion of the drum 25 of this 
clutch C3 is splined to the friction plates 73, and these friction plates 73 are 
intermeshed with friction plates splined to the hub 26. The drum member 25 is 
connected to the input shaft 2, and the hub 26 is connected to the sun gear S1. 

[0111] Brake B3 includes a hydraulic servo 16, friction plates 76, and a hub 33. 
The friction plates 76 are splined to the outer circumferential surface of the hub 33, the 
hub 33 is connected to one side plate of the carrier CR1 , and carrier CR1 is rotatably 
supported by the input shaft 2 or the boss 3a. Also, the friction plates 74 of the brake 
B1 are splined to the outer circumference side of the ring gear R1 , and this ring gear R1 
is connected to the sun gear S3 via transmitting member 30. In other words, the ring 
gear R1 and the sun gear S3 are constantly connected with one another, with no clutch 
located therebetween, and the rotation is constantly transmitted. 

[0112] The operations of the automatic transmission 1 4 will now be described 
with reference to following Fig. 8, Fig. 9, and Fig. 10 below. Similar to the first 
embodiment, the vertical axes of the speed line diagram illustrated in Fig. 10 indicate 
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the speed of each rotary element, and the horizontal axis indicates the corresponding 
gear ratios of these rotary elements. In the second planetary gear unit PU section of 
this speed line diagram, the vertical axes farthest right side of Fig. 10 correspond to sun 
gear S3 and, moving to the left within the diagram, the vertical axes correspond, in 
succession, to the carrier CR2, the ring gear R3, and the sun gear S2. In the first 
planetary gear unit PR section of this speed line diagram, the vertical axis to the 
farthest right side of Fig. 10 corresponds to sun gear S1 and, moving to the left within 
the diagram, the vertical axes consecutively correspond to the ring gear R1 and the 
carrier CR1 . Further, the widths between these vertical axes are inversely proportional 
to the number of teeth of each of the sun gears S1, S2, S3, and to the number of teeth 
of each of the ring gears R1 , R3. Also, the dotted line extending horizontally within the 
diagram represents rotation transmitted by the transmitting member 30. 

[01 13] As Fig. 8 illustrates, the rotation of input shaft 2 is input to the sun gear 
S1 by engaging the clutch C3. Further, the carrier CR1 is fixed to the case 3 by 
engagement of the brake B3. Therefore, when the clutch C3 and the brake B3 are 
engaged, the above-mentioned ring gear R1 rotates at a rotational speed reduced from 
that of the rotation of input shaft 2 which is input to this sun gear S1 . In other words, by 
engaging the clutch C3 and the brake B3, the reduced speed rotation of the ring gear 
R1 is input to the sun gear S3 via the transmitting member 30. 

[01 14] As Fig. 9 and Fig. 10 illustrate, in the first planetary gear unit PR, at third 
speed forward, fifth speed forward, and first speed reverse, the rotation of the input 
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shaft 2 is input to the sun gear S1 by engaging the clutch C3, and further, the carrier 
CR1 is fixed by engagement of the brake B3, and therefore the reduced speed rotation 
is output to the ring gear R3 due to fixation of the carrier CR1 , and the reduced speed 
rotation is input to the sun gear S3 via the transmitting member 30. In this case, the 
ring gear R1 and the sun gear S3 are rotating at the reduced speed and, therefore, the 
transmitting member 30 transmits a relatively large torque. On the other hand, in first 
speed forward, second speed forward, fourth speed forward, and sixth speed forward, 
the rotation of the sun gear S3 is input to the ring gear R1 via the transmitting member 
30, but because the clutch C3 and the brake B3 are released, the carrier CR1 and the 
sun gear S1 rotate. 

[01 15] The operations of the first planetary gear unit, other than those 
mentioned above, are similar to those of the first embodiment (see Fig. 2 and Fig. 3), 
and, accordingly, description thereof will be omitted. 

[0116] As described above, in the automatic transmission 1 4 of this fourth 
embodiment, the first planetary gear unit PR, the clutch C3, and the brake B3 are 
located on one axial side of the second planetary gear unit PU, and the clutch C1 and 
the clutch C2 are located on the other axial side of the second planetary gear unit PU, 
thereby providing an automatic transmission having six forward speeds and one reverse 
speed with direct coupling in fourth speed forward. For example, compared to the case 
wherein a clutch C1 or clutch C2 is located between the first planetary gear unit PR and 
the second planetary gear unit PU, the first planetary gear unit PR and the second 
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planetary gear unit PU can be located closer together, and the transmitting member 30 
which transmits the reduced speed rotation can be made relatively shorter. Therefore, 
the automatic transmission can be made more compact and lightweight, and further, 
because the inertia (inertial force) can be reduced, the controllability of the automatic 
transmission can be improved, and the occurrence of speed change shock can be 
reduced. 

[01 1 7] Further, because the clutch C3 is located on one axial side of the 
second planetary gear unit PU, and the clutch C1 and the clutch C2 are located on the 
other axial side of the second planetary gear unit PU, compared to the case wherein 
the three clutches C1 , C2, and C3 are located on one side of the second planetary gear 
unit PU, the construction of the oil lines (for example, 2a, 2b, 92, 93, 94) which provide 
oil to the hydraulic servos 1 1 , 1 2, and 1 3 for these clutches C1 , C2, C3 is simplified and 
the costs brought down. 

[01 18] Further, because the oil pressure servos 1 1 and 13 are provided on the 
input shaft 2, one set of seal rings 81 and 82 provide a seal with the case 3 and 
connection to the oil lines 2a, and 2b provided within input shaft 2, and therefore oil can 
be supplied to the oil compartments of hydraulic servos 1 1 and 1 3 without providing 
seal rings between, for example, the input shaft 2 and the hydraulic servos 1 1 and 13. 
Further, the hydraulic servo 12 can supply oil from the boss 3b, without passing through 
other units. Therefore, the oil supply can be connected simply by providing one set of 
seal rings 81 and 82, 83 respectively for the hydraulic servos 11, 12, and 13, sliding 
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resistance from the seal rings can be minimized, and therefore the efficiency of the 
automatic transmission can be improved. 

[01 19] Further, because the clutch C1 engages at relatively slow to medium 
speeds, i.e., first speed forward, second speed forward, third speed forward, and fourth 
speed forward, and released in fifth speed forward, sixth speed forward, and first speed 
reverse, which are relatively high speeds, the hub unit 22 that connects clutch C1 and 
sun gear S2 rotates at a relatively high speed or in reverse (see Fig. 3), and because 
the transmitting member 30 rotates at reduced speed rotation in fifth speed forward and 
first speed reverse, there may be cases wherein the transmitting member is fixed at 
sixth speed forward, and the difference in rotational speed between the hub unit 22 and 
the transmitting member 30 may become large. However, because this clutch C1 is 
located on the side of the second planetary gear unit PU opposite the first planetary 
gear unit PR, the hub 22 and the transmitting member 30 can be spaced apart, and 
compared with the case wherein for example those units are in contact, within a multi- 
axial construction, a decrease in efficiency of the automatic transmission resulting from 
relative rotation because of friction between those units can be avoided. 

[0120] Further, because the counter gear 5 is located axially intermediate the 
second planetary gear unit PU and the first planetary gear unit PR, the counter gear 5 
can be located at approximately the axial center of the automatic transmission. For 
example, when the automatic transmission is mounted on a vehicle, enlargement in one 
axial direction, particularly toward the rear when the input from the drive source is at the 
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"front", is not necessary because the counter gear 5 is mounted adjoining the drive 
wheel transmission mechanism. Because of this, particularly in the case of a FF 
vehicle, interference with the front wheels is reduced, mountability on a vehicle is 
improved, and the steering angle is improved. 

[0121] If the hydraulic servo 13 is located adjoining the planetary gear unit PR, 
and the hub unit 26 is made to serve as the cylinder of the hydraulic servo 13, it 
becomes necessary to provide one set of seal rings between the hub 26 and the input 
shaft 2. However, the hydraulic servo 13 of the clutch C3 is located on the side of the 
friction plates 73 axially opposite the first planetary gear unit PR, seal rings are not 
needed so that the number of seal rings can be reduced, sliding resistance can be 
reduced, and by doing so, the efficiency of the automatic transmission can be 
improved. 

[0122] Further, because the automatic transmission 1 4 of the fourth 
embodiment is directly coupled in fourth speed forward, in fifth speed forward, and in 
sixth speed forward, the gear ratio can be a high ratio, and particularly running at high 
vehicle speeds, the engine speed can be reduced and the vehicle becomes more quiet 
running at a high speed. 

[0123] By constructing a compact clutch and brake in the area of the reducing 
planetary gear unit, the present embodiment provides an automatic transmission which 
is more compact overall. 
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[0124] In the automatic transmission 1 4 of this fourth embodiment, the clutch 
C3 is located between the input shaft 2 and the sun gear S1 , and therefore, compared 
to an embodiment wherein the clutch C3 is located between the ring gear R1 and the 
sun gear S3, the load on the clutch C3 can be decreased, and the clutch C3 can be 
made more compact. Further, because the friction members and hydraulic servo of the 
clutch C3 can be made smaller, they can be located radially inward of the brake B1 , 
and the automatic transmission can be made more compact. 

[01 25] While the first through fourth embodiments of the present invention 
have been described above as automatic transmissions having a torque converter, the 
invention is not so limited, and any motion starting device may be used that transmits 
the torque (rotation) at the start of movement. Further, while the above-described 
embodiments have the transmission of the invention mounted on a vehicle with an 
engine as a drive source, the invention is not so limited and any drive source may be 
used as a matter of course. For example, the transmission may be mounted on a 
hybrid vehicle. Further, while the above-described automatic transmission is favorably 
used in a FF vehicle, it is not limited to this, and can be used in a FR vehicle, a four- 
wheel drive vehicle, or vehicles with other types of drive systems. 

[0126] Further, the reducing (first) planetary gear unit according to the above 
first through fourth embodiments has been described as one that reduces rotational 
speed of the ring gear by fixing the carrier while inputting the rotation of the input shaft 
into the sun gear, but the invention is not so limited, and may reduce rotational speed 
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of the ring gear by fixing the sun gear while inputting the rotation of the input shaft into 
the carrier. 

[0127] As described above, the automatic transmission according to the 
present invention can be advantageously mounted on vehicles such as automobiles, 
trucks, busses, and so forth, and is particularly suitable for use with vehicles which 
require a reduction in size and reduction in weight of the transmission for mounting on 
the vehicle, and further require reduction of speed change shock. 



45 



